This paper shows existence and efficiency of equilibria of a two period production model with uncertainty as a consequence of the catastrophe map being smooth and proper. Its inverse mapping defines a finite covering implying finiteness of equilibria. Beyond the extraction of local equilibrium information of the model, the catastrophe map renders itself well for a global study of the equilibrium set. It is shown that the equilibrium set has the structure of a smooth submanifold of the Euclidean space which is diffeomorphic to the sphere implying connectedness, simple connectedness, and contractibility.
Introduction
This paper considers a two period production model with uncertainty. The time structure and associated uncertainty is described by a finite number of uncertain states of the world. It is assumed that all firms are owned by the consumers according to an exogenously determined ownership structure. This economic scenario describes the private ownership model discussed in Debreu [1] where the objective of each firm is to maximize profits. The seminal paper of this model without uncertainty dates back to the path breaking paper by Arrow and Debreu [2] .
In this paper, we show that many economically interesting equilibrium properties of the two period production model with uncertainty can be derived from the catastrophe map. For that purpose we follow the mathematical approach discussed in Balasko [3] and in Dierker [4] .
More specifically, we describe the set of solutions of all two period production economies and explore its structure. It is shown that this set is a smooth submanifold of the Euclidean space which is diffeomorphic to the sphere. A study of some of the properties of the catastrophe map enables us to characterize the set of economies into sets with various properties, such as economies with singular equilibria, economies with multiple equilibria, and economies with catastrophes, where equilibrium behavior is more difficult to study. Most of these properties have been studied in the context of exchange economies [5] or simple production economies [6] [7] [8] [9] [10] or Balasko (Preprint 2011) for example 1 . This paper generalizes the economic scenario by adding more structure to the model of the firm and thus moving towards a more realistic model where time and uncertainty is present.
The structure of the paper is as follows: Section 1 is an introduction. Section 2 introduces the economic scenario and states a definition of economic equilibrium. Section 3 explores the topological structure of the equilibrium set of all two period production economies with uncertainty. The next section states equilibrium properties of the model such as existence, efficiency and finiteness of equilibria. The final section is a conclusion.
The Long Run Private Ownership Production Model with Uncertainty
We describe the two period private ownership production model 
is the associated vector of outputs in state s S   :
is defined on the set of normalized prices. Standard assumptions of smooth production economies introduced in [1] hold for each production set
has a strictly positive Gaussian curvature for every . These assumptions imply that supply functions are smooth.
Equilibrium

Each consumer chooses a utility maximizing consumption bundle
satisfying his budget constraints. Each producer chooses profit maximizing net ac- 
 is the consumer's smooth 2 utility function. The production adjusted consumer budget set is defined by
The model of the producer is to maximize profits. A study of the qualitative equilib ructure of the two period private ownership production model with mounts to a study of the structure of the solution set of the equilibrium Equation (2). 
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For the proof of the next theorem we need the following result.
Lemma 1 (Properness of a mapping). Suppose M(s) is a compact space and is a Hausdorff space for every
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ch as economic policy equilibrium analysis. For example, economic policy is often concerned with finding a path between a current point on  and a desired po on  . The following theorem prove that such prove this result, we use a theorem given Hirsch [14] , pp. 15-16).
Theorem 3. The smooth equilibrium manifold
The aim of the proof is to define two smooth mappings between smooth manifolds such that we can 
Also observe that the coordinates for the consumer of the
The application of the theorem in 
where Id is the identity map defined on 
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We now show that equilibria in the two period production model with uncertainty always exist. The strategy of the proof ia of this production model with uncertainty s immediately from the smoothness proposition (1) and the properness proposition (2) 
